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(57) Conventional batteries have a problem that, in 
case the battery temperature should rise over the tem- 
perature at which the separator may melt and flow due 
to an internal short-circuit, etc., a large short-circuit cur- 
rent flows between the positive electrode and the nega- 
tive electrode in the part where the separator flows to 
generate heat. It follows that the battery temperature 
further increases, which can result in a further increase 
of the short-circuit current. 

The invention has been made in order to solve the 
above problem. The object of the invention is to obtain 
an electrode whose resistivity increases with tempera- 
ture, a method of fabricating the same, and a battery 
using the same. 

Specifically, the invention consists in limiting the 
proportion of a conductive filler contained in an electron 
conductive material of an electron conductive material 
layer to a range of from 55 to 70 parts by weight. 
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Description 

Technical Field 

[0001] This invention relates to an electrode, a 5 
method of fabricating The electrode, and a battery using 
the electrode. More particularly, it relates to an elec- 
trode whose resistivity changes with a rise in tempera- 
ture, a method of fabricating the electrode, and a battery 
using the electrode. w 

Background of the Invention 

[0002] In recent years, with the development of 
electronic equipment, batteries used therein as a power 75 
source have increasingly gained in capacity and output 
density. A lithium ion secondary battery is attracting 
attention as a battery fulfilling these requirements. A 
lithium ion secondary battery has an advantage of high 
energy density but requires sufficient measures for 20 
safety because of use of a nonaqueous electrolytic 
solution. 

[0003] Conventionally proposed safety measures 
include a safety valve which relieves an increased inner 
pressure and a PTC element which increases resistivity 2s 
on heat generation due to an external short-circuit to 
shut off the electric current. For example, incorporation 
of a safety valve and a PTC element into the cap of a 
positive electrode of a cylindrical battery is known as 
disclosed in JP-A-4-328278. However, on the safety 30 
valve's working, moisture in the air enters the inside of 
the battery, which can induce an exothermic reaction in 
case lithium exists in the negative electrode. 
[0004] On the other hand, a PTC element, which 
cuts off the external circuit involving a short-circuit, 35 
exerts no bad influence on operating. The PTC element 
can be designed to operate when the battery tempera- 
ture rises to, for example, 90°C or higher due to an 
external short-circuit so as to be the first safety element 
to operate in case of abnormality. 40 
[0005] Having the above-mentioned structure, con- 
ventional lithium secondary batteries involve the follow- 
ing problem. When a short-circuit occurs in the inside of 
the conventional lithium secondary battery to raise the 
temperature, The battery is incapable of suppressing an 45 
increase in short-circuit current. 
[0006] In case where a short-circuit occurs in the 
inside of the lithium secondary battery to raise the tem- 
perature, a separator made of polyethylene or polypro- 
pylene interposed between a positive electrode and a so 
negative electrode is expected to soften or melt to clog 
the pores of the separator, whereby the separator would 
exude the nonaqueous electrolytic solution contained 
therein or seal the nonaqueous electrolytic solution 
within itself to reduce its ion conductivity thereby to ss 
diminish the short-circuit current. However, the part of 
the separator distant from the heat generating part does 
not always melt. Besides, in case temperature rises, it is 



likely that the separator melts and flows to lose its func- 
tion of electric insulation between positive and negative 
electrodes, which can lead to a short-circuit. 
[0007] In particular, in the case of a lithium ion sec- 
ondary battery, the negative electrode is prepared by 
coating a substrate functioning as a current collector, 
such as copper foil, with a slurry comprising a negative 
electrode active material such as graphite, a hinder 
such as polyvinylidene fluoride (PVDF), and a solvent, 
and drying the coating layer to form a film. The positive 
electrode is similarly prepared in a film format on a sub- 
strate functioning as a current collector, such as alumi- 
num foil. 

[0008] The positive electrode comprises a positive 
electrode active material, such as LiCo0 2 . a binder, and 
a conducting agent The conducting agent is to enhance 
electron conductivity of the positive electrode in case 
where the active material has poor electron conductivity. 
The conducting agent to be used includes carbon black 
(e.g.. acetylene black) and graphite (e.g.. artificial 
graphite KS-6, produced by Lonza). 
[0009] When the temperature of such a battery 
increases to or above the temperature at which the sep- 
arator melts and flows due, e.g., an internal short-cir- 
cuit a large short-circuit current flows between the 
positive and negative electrodes at the part where the 
separator flows. It follows that the battery temperature 
further increases by heat generation, which can result in 
a further increase of the short-circuit current. 
[0010] . The invention has been made in order to 
solve the above-described problem. An object of the 
invention is to provide an electrode which increases its 
resistivity with temperature, a method of fabricating the 
electrode, and a battery using the electrode. 

Disclosure of the Invention 

[001 1 ] A first electrode according to the invention is 
ah electrode having an electron conductive material 
layer of an electron conductive material comprising a 
conductive filler and a resin and an active material layer 
formed on the electron conductive material layer, the 
electron conductive material increasing its resistivity 
with a rise in temperature, which is characterized in that 
the proportion of the conductive filler in the electron 
conductive material is from 55 to 70 parts by weight. 
[0012] According to this aspect, since the propor- 
tion of the conductive filler in the electron conductive 
material is 55 to 70 parts by weight, the rate of change 
in resistivity of the electrode can be increased. A battery 
constituted by using the electrode has an increased dis- 
charge capacity and is capable of reducing a short-cir- 
cuit current 

[0013] A second electrode according to the inven- 
tion is characterized in that the resin has a melting point 
ranging from 90°C to 160°C. Since a resin having a 
melting point ranging from 90° to 160°C is used, the 
resistivity increases at a certain temperature or therea- 
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bouts within the range of from 90° to 160°C. 
[0014] A third electrode according to the invention 
is characterized in that the electron conductive material 
has an average particle size of from 0.05 pm to 100 urn. 
The particle size of the electron conductive material s 
ranging from 0.05 to 100 jim, the electrode increases its 
resistivity at around a prescribed temperature, and a 
battery using the electrode has an increased discharge 
capacity. 

[001 5] A fourth electrode according to the invention to 
is characterized in that the conductive filler is a carbon 
material or a conductive non-oxide. Containing a carbon 
material or a conductive non-oxide as a conductive filler, 
the electrode has enhanced conductivity. 
[0016] An fifth electrode according to the invention ts 
is characterized in that the resin is a crystalline resin. 
Containing a crystalline resin, the electrode has a fur- 
ther increased rate of change in resistivity at a pre- 
scribed temperature or thereabouts. 
[001 7] A first battery according to the invention is a 20 
battery having a positive electrode, a negative elec- 
trode, and an electrolytic solution provided between the 
positive and the negative electrodes, which is character- 
ized in that the positive or negative electrode is any one 
of the above-described first to fifth electrodes. Accord- 25 
ing to this aspect, since any of the first to fifth electrodes 
is used as the positive or negative electrode, the elec- 
trode increases the resistivity in case where the inner 
temperature of the battery rises to or above a pre- 
scribed temperature, thereby to reduce a short-circuit 30 
current. Therefore, the battery has improved safety. 
[0018] A first method of fabricating an electrode 
according to the invention is characterized by compris- 
ing the steps of: 

35 

(a) pulverizing an electron conductive material con- 
taining a conductive filler and a resin, 

(b) dispersing the resulting ground electron conduc- 
tive material to make a paste, 

(c) drying the paste to form an electron conductive 40 
material layer, 

(d) dispersing an active material to prepare an 
active materia! paste, and 

(e) applying the active material paste on the elec- 
tron conducive material layer and pressing at a pre- 45 
scribed temperature under a prescribed pressure. 

[0019] According to the process comprising the 
steps (a) to (d), the adhesion between the electron con- 
ductive material layer and the active material layer is so 
improved thereby to reduce the contact resistance 
between the electron conductive material layer and the 
active material layer. As a result the electrode prepared 
has a reduced resistivity. 

[0020] A second method of fabricating an electrode 55 
according to the invention is characterized by compris- 
ing the steps of: 
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(a) pulverizing an electron conductive material con- 
taining a conductive filler and a resin, 

(b) dispersing the resulting ground electron conduc- 
tive material to make a paste. 

(c) drying the paste and pressing the dried paste at 
a first temperature under a first pressure to form an 
electron conductive material layer, 

(d) dispersing an active material to prepare an 
active material paste, 

(e) drying the active material paste, and 

(f) laying the dried active material paste on the elec- 
tron conducive material layer and pressing at a sec- 
ond temperature under a second pressure to form 
an active material layer on the electron conductive 
material layer. 

[0021] According to the process comprising the 
steps (a) to (f), the adhesion between the electron con- 
ductive material layer and the active material layer is 
improved thereby to reduce the contact resistance 
between the electron conductive material layer and the 
active material layer. As a result, The electrode pre- 
pared has a reduced resistivity 
[0022] A third method of fabricating an electrode 
according to the invention is characterized in that the 
prescribed temperature is the melting point of the resin 
or thereabouts. Since the prescribed temperature is the 
melting point of the resin or thereabouts, the adhesion 
between the electron conductive material layer and the 
active material layer is further improved thereby to fur- 
ther reduce the contact resistance between the electron 
conductive material layer and the active material layer. 
Further, the connection among the electron conductive 
material particles in the electron conductive material 
layer is improved thereby to reduce the resistance of the 
electron conductive material layer. Thus, the electrode 
prepared has a further reduced resistivity. 
[0023] A fourth method of fabricating an electrode 
according to the invention is characterized in that the 
first temperature or the second temperature is the melt- 
ing point of the resin or thereabouts. Since the first or 
second temperature is the melting point of the resin or 
thereabouts, the adhesion between the electron con- 
ductive material layer and the active material layer is fur- 
ther improved thereby to further reduce the contact 
resistance between the electron conductive material 
layer and the active material layer. Further, the connec- 
tion among the electron conductive material particles in 
the electron conductive material layer is improved 
thereby to reduce the resistance of the electron conduc- 
tive material, layer. Thus, the electrode prepared has a 
further reduced resistivity. 

Brief Description of the Drawings 

[0024] 

Fig. 1 is an illustration explaining the structure of 
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the battery. Fig. 2 is a table showing the volume 
resistivity and rate of change In resistivity of elec- 
trodes and the short-circuit current of batteries 
assembled by using each electrode. Fig. 3 is a table 
showing the short-circuit current of batteries 
assembled by using an electrode. Fig. 4 is a table 
showing the volume resistivity and rate of change in 
resistivity of an electrode and the short-circuit cur- 
rent of a battery assembled by using the electrode. 
Fig. 5 is a table showing the volume resistivity and 
rate of change in resistivity of an electrode and the 
short-circuit current of a battery assembled by 
using the electrode. Fig. 6 is a table showing the 
volume resistivity and rate of change in resistivity of 
an electrode and the short-circuit current of a bat- 
tery assembled by using the electrode. Fig. 7 is a 
graph depicting the relationship between carbon 
black content in an electron conductive material 
and discharge capacity and short-circuit current of 
a battery. Fig. 8 is a cross-sectional view showing 
the structure of a cylindrical lithium ion secondary 
battery. Fig. 9 is a partial enlarged view of Fig. 8. 

Best Mode for Carrying out the Invention 

[0025] Fig. 1 is an illustration for explaining the 
structure of the battery according to the invention. More . 
specifically, it is a cross-sectional view of the battery. In 
the Figure, numeral 1 indicates a positive electrode; 2 a 
negative electrode; and 3 a separator provided between 
the positive electrode 1 and the negative electrode 2. 
[0026] The positive electrode 1 has a positive elec- 
trode current collector 4, a positive electrode active 
material layer 6. and a PTC layer corresponding to an 
electron conductive material layer. The negative elec- 
trode 2 has a negative electrode current collector 5 and 
an negative electrode active material layer 7. 
[0027] The positive electrode 1 is composed of a 
metal fflm serving as the positive electrode current col- 
lector 4 (e.g., an aluminum film), the PTC (positive tem- 
perature coefficient) layer 8 formed on the surface of the 
metal film, and the positive electrode active material 
layer 6 formed on the PTC layer 8. The negative elec- 
trode 2 is composed of a metal film serving as the neg- 
ative electrode current collector 5 (e.g., a copper film) 
and the negative electrode active material layer 7 
formed on the surface of the metal film which comprises 
a negative electrode active material such as carbon par- 
ticles bound together by a binder. The separator 3 holds 
an electrolytic solution containing, for example, lithium 
ions. 

[0028] The positive electrode active material layer 6 
is a layer formed of a positive electrode active material 
and a conducting agent bound together with a binder. 
The positive electrode active material includes, for 
example, a cobalt oxide, a manganese oxide, and an 
iron oxide. The cobalt oxide includes LiCo0 2 crystals 
and UCo0 2 crystals part of the Co atoms of which are 



displaced with transition metal atoms (e.g., Ni atom and 
Mn atom). 

[0029] The PTC layer 8 is a layer comprising an 
electron conductive material containing a conductive 

5 filler and a resin. The electron conductive material pos- 
sesses the property of increasing its resistivity with a 
rise in temperature. For example, it has such PTC char- 
acteristics that the rate of change in resistivity abruptly 
increases at about a prescribed temperature within a 

w temperature range of from, for example, 90 to 160°C. 
[0030] The electron conductive material is not par- 
ticularly limited in shape and can be spherical, elliptical, 
ftorous or flaky, The electron conductive material having 
such a shape may be once softened or melted by heat- 

15 ing followed by solidification. 

[0031] The proportion of the conductive filler in the 
electron conductive material is preferably from 55 to 70 
parts by weight 

[0032] The conductive filler includes carbon materi- 

20 als and conductive non-oxides. The carbon materials 
include carbon black, graphite, and carbon fiber. The 
carbon black includes acetylene black, furnace black, 
lamp black, thermal black, and channel black. The con- 
ductive non-oxides include metal carbides, metal 

25 nitrides, metal silicides, and metal borides . The metal 
carbides include TiC. ZrC, VC, NbC, TaC, M02C WC. 
B 4 C, and Cr 3 C 2 . The metal nitrides include TIN, ZrN, 
VN, NbN, TaN, and Cr 2 N. The metal borides include 
TiB 2 , ZrB 2 , NbBg, TaBg, CrB, MoB, and WB. 

30 [0033] The resin is a polymer, such as high-density 
polyethylene (melting point: 130 to 140°), low-density 
polyethylene (melting point: 110 to 112°C), a pcdy- 
urethane elastomer (melting point: 140 to 160°C), and 
polyvinyl chloride (melting point: about 145°C). The 

35 melting point of these resins is in a range of from 90° to 
160°C. 

[0034] Because the temperature at which the elec- 
tron conductive material contained in the PTC layer 8 
manifests its PTC function is dependent on the melting 
40 point of the resin contained in the electron conductive 
material 9, the temperature at which the PTC function is 
manifested can be set at a temperature in a range of 
from 90° to 160°C by selecting the material or kind of 
the resin. 

45 [0035] The rate of change in resistivity of the posi- 
tive electrode 1 (especially the PTC layer 8) at about the 
prescribed temperature (i. e. f The temperature for the 
PTC function to be activated) is desirably 50 to 10000. 
[0036] Where the resin contained in the electron 

50 conductive material is a crystalline resin, The rate of 
resistivity change can be made greater at or in the vicin- 
ity of the temperature at which The PTC function of the 
electron conductive material 9 is manifested. 
[0037] The PTC characteristics may be either 

55 reversflble so that it could be manifested twice or more or 
irreversible so that the initial resistivity is not restored 
even when a temperature drop follows manifestation of 
the PTC function. 
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[0038] Although it is favorable for security that the 
PTC function is manifested at or below 90°C, the elec- 
trode would increase its resistivity in a temperature 
range in which batteries are usually used. This will lead 
to reduction of battery performance, such as load rate 
characteristics. If the temperature for manifestation of 
the PTC function exceeds 160°C, the inner temperature 
of a battery rises up to that temperature, which is unfa- 
vorable for safety. Accordingly, it is desirable that the 
electron conductive material be designed to manifest 
the PTC function at a temperature ranging from 90° to 
160°C. 

[0039] Since the temperature at which the PTC 
function is activated is dependent on the melting point of 
the resin contained in the electron conductive material, 
the resin is selected from those having a melting point 
within a range of from 90° to 160°C. 
[0040] The PTC function of the electron conductive 
material is manifested because the resin contained 
therein softens or melts to expand in volume thereby to 
increase the resistivity of the electron conductive mate- 
rial itself. 

[0041] The resistivity of the positive electrode 1 in 
its normal state (i.e., at temperatures below the temper- 
ature for the PTC function to be activated) can be con- 
trolled by varying the proportion of the electron 
conductive material 9 (or the thickness of the PTC layer 
8) in the positive electrode 1. With the PTC layer 8 hav- 
ing a thickness of 1 to 200 urn, the electrode has a low 
resistivity in its normal state and an increased resistivity 
in case of abnormality (i.e., at temperatures above the 
temperature for the manifestation of the PTC function). 
It is more desirable for the PTC layer 8 to have a thick- 
ness of 5 to 100 urn. 

[0042] . It is desirable for the electron conductive 
material to have a particle size of from 0.05 to 100 *im. 
[0043] In the positive electrode 1 of the battery of 
invention, since the electron conductive material itself, 
which is present in the PTC layer 8, has PTC character- 
istics, the PTC layer 8 increases its own resistivity upon 
the temperature of the positive electrode 1 exceeding 
over the temperature at which the PTC function mani- 
fests itself. 

[0044] Accordingly, with the electrode having such 
PTC characteristics applied to a battery (in this particu- 
lar embodiment, applied to the positive electrode 1 of a 
battery), in case of such an abnormality in which the 
current should increase due to a short-circuit outside or 
inside the battery and, as a result, the battery or elec- 
trode temperature should increase above a PTC func- 
tion manifestation temperature (around the melting 
point of the resin in this particular embodiment), the 
electrode (especially the PTC layer 8) increases its own 
resistivity. It follows that the current flowing inside the 
battery decreases. Thus, a battery assembled by using 
the electrode will have markedly improved safety . That 
is. the safety will be maintained even in case of abnor- 
malities, such as a short-circuit under strict conditions, a 



back charge, an overcharge, and the like. 
[0045] While the invention has been described with 
reference to a particular embodiment in which The PTC 
layer 8 is provided in the positive electrode 1 , The inven- 
> tion is not limited thereto. The same effects are pro- 
duced when the negative electrode 2 is provided with a 
PTC layer. 

[0046] In the following are described processes for 
preparing the positive and negative electrodes shown in 
io the Figure and a method of preparing a battery. 

Method of preparing positive electrode: 

[0047] An electron conductive material whose vol- 
ts ume resistivity is sufficiently low at room temperature 
but high at temperatures above a prescribed tempera- 
ture between 90°C and 160°C (e. g. f pellets comprising 
a conductive filler and a resin in a prescribed ratio) is 
pulverized to obtain fine particles of the electron con- 
20 ductive material. 

[0048] Methods of pulverizing an electron conduc- 
tive material include a method using compressed air or 
compressed inert gas such as nitrogen or argon, which 
can be embodied as follows. An ultrasonic stream of the 
25 above-mentioned gas is generated, and the particulate 
electron conductive material is made to collide with 
each other or against a wall (not shown) in the stream to 
be pulverized into fine particles of small diameter (this 
mode will be referred to as a jet mill method). In particu- 
30 lar, in order to obtain the electron conductive material 
having a small particle size, it is desirable to pulverize 
an electron conductive material by a jet mill method. 
[0049] Another method for pulverizing an electron 
conductive material comprises applying a combination 
35 of shear force, frictional force, and impact force to the 
electron conductive material. This method is embodied 
by, for example, pulverizing an electron conductive 
material by means of uneven blades of a spinning rotor 
(not shown) and a stator (not shown) to obtain fine par- 
40 tides of the electron conductive material (this method 
will be referred to as a combined method). 
[0050] Still another method for pulverizing an elec- 
tron conductive material comprises shearing an elec- 
tron conductive material put in a rotating ball mill (this 
45 method will be referred to as a ball mill method). 

[0051] In particular, fine particles of an electron 
conductive material having a small particle size and 
reduced variation of particle size can be obtained by 
pulverizing the electron conductive material by a corn- 
so bined method or a ball mill method and further pulveriz- 
ing the resulting powder by a jet mill method. Further, 
where pulverization of the electron conductive material 
is carried out while cooling, the resulting particles have 
a further reduced size. 
55 [0052] The resulting fine particles of an electron 
conductive material and a first binder (e.g., PVDF) are 
dispersed in a first dispersing medium (e.g.. N-methyl- 
pyrroiidone. hereinafter abbreviated as NMP). The 
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resulting paste is applied to a current collector substrate 
(e.g., a metal film of prescribed thickness), which serves 
as a positive electrode current collector 4, and dried at 
a prescribed temperature to form a PTC layer. 
[0053] A positive electrode active material, a con- s 
ducting agent, and a second binder (e.g., PVDF) are 
dispersed in a second dispersing medium (e. g., NMP) 
to prepare a positive electrode active material paste. 
The resulting paste is applied to the PTC layer 8 and 
dried at a prescribed temperature. 10 
[0054] The positive electrode active material paste 
applied on the PTC layer 8 is then pressed at a pre- 
scribed temperature under a prescribed pressure to 
obtain a positive electrode 1 having the PTC layer 8 of 
prescribed thickness and the positive electrode active 'is 
material layer of prescribed thickness on the positive 
electrode current collector 4. 

[0055] According to the above-described process, 
since the pressing is carried out at a prescribed temper- 
ature under a prescribed pressure, adhesion between 20 
the PTC layer 8 and the positive electrode current col- 
lector 4 and between the PTC layer 8 and the positive 
electrode active material layer 6 is improved thereby to 
reduce the contact resistance between the PTC layer 8 
and the current collector 4 and the contact resistance 25 
between the PTC layer and the active material layer 6. 
Additionally, the connection among the electron con- 
ductive material particles in the PTC layer 8 and the 
connection among the conducting agent particles in the 
positive electrode active material layer 6 are also 30 
improved thereby to form many current collecting net- 
works in each of the PTC layer and the active material 
layer 6. As a result, the electrode (positive electrode 1 in 
this embodiment) has a reduced resistivity in its normal 
state. 35 
[0056] Where the pressing temperature is set at or 
around the melting point of the resin contained in the 
electron conductive material of the PTC layer 8, the 
improvement in adhesion between the PTC layer 8 and 
the positive electrode current collector 4 and between 40 
the PTC layer 8 and the positive electrode active mate- 
rial layer 6 is ensured to further reduce the contact 
resistance between the PTC layer 8 and the current col- 
lector 4 and the contact resistance between the PTC 
layer 8 and the active material layer 6. In addition, the 45 
connection among the electron conductive material par- 
ticles in the PTC layer 8 is further improved to form more 
current collecting networks in the PTC layer 8. As a 
result, The resistivity of the electrode in its normal state 
can be reduced further. so 
[0057] A method of preparing the negative elec- 
trode 2 is described below. 



Method of preparing negative electrode : 

[0058] A negative electrode active material paste is 
prepared by dispersing mesophase carbon microbeads 
(hereinafter abbreviated as MCMB) and PVDF in NMP 
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The resulting negative electrode active material paste is 
applied to a current collector substrate (e. g., a metal 
film of prescribed thickness) which will serve as a nega- 
tive electrode current collector, dried, and pressed at a 
prescribed temperature under a prescribed pressure to 
obtain a negative electrode 2 having a negative elec- 
trode active material layer 7. 

[0059] A method of fabricating the battery accord- 
ing to the invention will be described. 

Method of fabricating battery: 

[0060] The positive electrode 1 and the negative 
electrode 2 prepared above are joined together with a 
separator (e.g.. a porous polypropylene sheet) inter- 
posed therebetween, and an electrolytic solution is 
poured therein to obtain a battery having the positive 
and the negative electrodes. The battery thus obtained 
increases the resistivity of the positive electrode thereof 
with an increase in temperature. In case a short-circuit 
should occur outside or inside the battery to raise the 
battery temperature, the battery is capable of reducing 
the short-circuit current thereby securing improved 
safety. 

EXAMPLE 1 

Preparation Qf positive electrode: 

[0061] An electron conductive material which was 
an electrically conductive polymer having a volume 
resistivity of 0.2 n-cmat room temperature and of 20 
Cl • cm at 1 35°C (pellets comprising carbon black and 
polyethylene at a weight ratio of 60:40) was pulverized 
by a jet mill method to prepare fine particles of the elec- 
tron conductive material having an average particle size 
of 9.1 jim. Pulverization by a jet mill method was carried 
out with a jet mill apparatus (manufactured by Nippon 
Pneumatic Kogyo). 

[0062] Ninety parts by weight of the electron con- 
ductive material and 10 parts by weight of PVDF as a 
binder were dispersed in NMP, a dispersing medium. 
The resulting paste was applied to 20 urn thick alumi- 
num foil serving as a positive electrode current collector 
4 by a doctor blade coating method and dried at 80°C to 
form a PTC layer 8. 

[0063] A positive electrode active material paste 
prepared by dispersing 91 parts by weight of a positive 
electrode active material (e.g., LiCo0 2 ), 6 parts by 
weight of KS-6 (produced by Lonza) as a conducting 
agent, and 3 parts by weight of PVDF in NMP was 
applied to the PTC layer 8 by a doctor blade coating 
method and dried at 80°C. The coating layers were 
pressed at room temperature under a pressure of 2.0 
ton/cm 2 to obtain a positive electrode 1 having, in 
sequence, the positive electrode current collector 4, the 
PTC layer 8 having a thickness of about 50 *im, and the 
positive electrode active material layer 6 having a thick- 
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hess ot about 100 ^m. 



Preparation of negative electrode: 

[0064] A negative electrode active material paste 
prepared by dispersing 90 parts by weight of mes- 
ophase carbon microbeads (hereinafter abbreviated as 
MCMB) and 10 parts by weight of PVDF in NMP was 
applied to copper foil having a thickness of about 1 8 jim, 
a negative electrode current collector 5, by a doctor 
blade coating method, dried at 80°C. and pressed at 
room temperature under a pressure of 2.0 ton/cm^ to 
obtain a negative electrode 2 having a negative elec- 
trode active material layer 7. 

[0065] The electrode of Example 1 and a battery 
using the electrode were evaluated in accordance with 
the following test methods. 

Measurement of resistiv ity of electrode: 

[0066] Aluminum foil was fusion bonded to both 
sides of the electrode. A voltage terminal and a current 
terminal of plus side were connected to the aluminum 
foil on one side, and those of minus side to the alumi- 
num foil on the other side. The terminals were equipped 
with a heater. A constant current was made to flow 
through the device while heating the electrode at a rate 
of 5°C/min, and a reduction in voltage was measured to 
determine the resistivity. 

Ca pacity test : 

[0067] The prepared positive and negative elec- 
trodes, both cut to a size of 1 4 mm x 14 mm, were joined 
together with a porous polypropylene sheet (Cell Guard 
#2400, produced by Hoechst) interposed therebetween 
as a separator 3 to prepare a battery body. A current 
collecting tab was spot welded to each of the positive 
and the negative electrode current collectors, and the 
battery body was put in a bag made of an aluminum 
laminate sheet. An electrolytic solution prepared by dis- 
solving lithium hexafluorophosphate in a mixed solvent 
of ethylene carbonate and diethyl carbonate (1:1 by 
mole) in a concentration of 1 .0 mol/dm 3 was poured into 
the bag. and the opening of the bag was heat-sealed to 
complete a battery. The resulting battery was subjected 
to a charge and discharge test at room temperature, 
and the discharge capacity at 2C (C: hour rate) was 
measured. 

Short-circuit test : 



[0068] The positive electrode 1 and the negative 
electrode 2 prepared above, both cut to a size of 38 mm 
x 55 mm, were joined together with a polypropylene 
sheet (Cell Guard #2400, produced by Hoechst) inter- 
posed therebetween as a separator 3. The laminate 
was sandwiched in between a pair of teflon plates 



about 1 mm thick and fixed with adhesive tape. A cur- 
rent collecting tab was attached to the end each of the 
positive electrode current collector 4 and the negative 
electrode current collector 5 by ultrasonic welding. The 
5 resulting electrode body was put in a bag made of an 
aluminum laminate sheet. An electrolytic solution pre- 
pared by dissolving lithium hexafluorophosphate in a 
1 :1 (by mole) mixed solvent of ethylene carbonate and 
diethyl carbonate in a concentration of 1 .0 mol/dm 3 was 
t0 poured into the bag. and the opening of the bag was 
heat-sealed to complete a battery. 
[0069] The resulting battery was charged at 80 mA 
up to 4.2 V at room temperature. After completion of 
charging, the battery temperature was gradually ele- 
75 vated in an oven, and a short-circuit was caused at 
145°C. The current at this time was measured. 
[0070] Fig. 2 is a table showing the volume resistiv- 
ity of the electrode (positive electrode 1), the rate of 
resistivity change, and the short-circuit current in the 
20 short-circuit test in Example 1. The rate of resistivity 
change is the quotient obtained by dividing the 
increased resistivity after manifestation of the PTC func- 
tion by the resistivity before the manifestation. 
[0071] The positive electrode of Comparative 
25 Example 1 shown in the Figure was prepared as fol- 
lows. A positive electrode active material paste was pre- 
pared by dispersing 91-parts by weight of LiCo0 2 as an 
active material. 6 parts by weight of a conducting agent 
(e.g., KS-6 produced by Lonza), and 3 parts by weight 
30 of PVDF in NMP. The resulting paste was applied to 20 
urn thick aluminum foil serving as a positive electrode 
current collector 5 by a doctor blade coating method, 
dried at 80°C, and pressed at room temperature under 
a pressure of 2.0 ton/cm 2 to form an about 1 00 *im thick 
35 positive electrode active material layer. The negative 
electrode of Comparative Example 1 was prepared in 
the same manner as in Example 1 . 
[0072] The positive electrode of Comparative 
Example 2 shown in the Figure was prepared in the 
40 same manner as in Example 1 , except that pressing of 
the dried positive electrode active material paste at 
roam temperature was not conducted. The negative 
electrode of Comparative Example 2 was prepared in 
The same manner as in Example 1 . 
45 [0073] As shown in the Figure, it is understood from 
a comparison between Example 1 and Comparative 
Example 1 that the resistivity of the electrode of Exam- 
ple 1 (positive electrode 1) having The PTC layer 8 
between the positive electrode current collector 4 and 
so the positive electrode active material layer 6 multiplies 
about 100 times upon manifestation of The PTC func- 
tion. On the other hand, having no PTC layer comprising 
a resin-containing electron conductive material, the 
electrode of Comparative Example 1 does no increase 
55 the rate of resistivity change. 

[0074] In Comparative Example 2, since the posi- 
tive electrode is prepared without pressing the dried 
positive electrode active material paste, the adhesion 
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between the positive electrode current collector 4 and 
the PTC layer 8 and the adhesion between the PTC 
layer 8 and the positive electrode active material layer 6 
are poor. As a result, the electrode of Comparative 
Example 2 has a high volume resistivity and a low rate 5 
of resistivity change as compared with Example 1. 
Accordingly, it is recognized that the battery assembled 
by using the electrode of Comparative Example 2 
undergoes an increase in short-circuit current in case of 
a short-circuit. w 
[0075] To the contrary, since the electrode of Exam- 
ple 1 has been prepared by pressing the dried positive 
electrode active material paste, it has improved adhe- 
sion between the positive electrode current collector 4 
and the PTC layer 8, improved adhesion between the 15 
PTC layer 8 and the positive electrode active material 
layer 6, improved connection among the electron con- 
ductive material particles in the PTC layer 8, and 
improved connection among the conducting agent parti- 
cles in the positive electrode active material layer 6. As 20 
a result, the electrode of Example 1 has a reduced vol- 
ume resistivity and an increased rate of resistivity 
change. 

[0076] Accordingly, use of the electrode of Example 
1 provides a highly safe battery which performs the PTC 25 
function to reduce the short-circuit current in case of a 
temperature rise above a prescribed temperature. 
[0077] Fig. 3 is a table showing the short-circuit cur- 
rent in a short-circuit test. The positive electrode of 
Comparative Example 3 shown in the Figure was 30 
obtained in the same manner as for the positive elec- 
trode of Example 1 , except that the electron conductive 
material contained in the PTC layer 8 comprised carbon 
black and a polypropylene resin (melting point: 168°C). 
[0078] As is shown, the battery assembled by using 35 
the electrode of Example 1 manifested the PTC function 
at 145°C to reduce the short-circuit current. To the con- 
trary, the battery assembled by using the electrode of 
Comparative Example 3 had a high short-circuit current 
at 145°C, which was lower than the melting point of the 40 
polypropylene resin so that the PTC function was not 
activated. 

[0079] ft is thus understood that use of the battery 
of Example 1 provides a highly safe battery which per- 
forms The PTC function at temperatures between 90 45 
and 160°C to reduce the short-circuit current. 

EXAMPLE 2 

Preparation of positive electrode : so 

[0080] An electron conductive material that was an 
electrically conductive polymer having a volume resis- 
tivity of 0.2 O • cm at room temperature and of 20 O • cm 
at 135°C (pellets comprising carbon black and polyeth- 55 
ylene at a weight ratio of 60:40) was pulverized by a jet 
mill method to prepare fine particles of the electron con- 
ductive materia) having an average particle size of 9.1 



jim. 

[0081] Ninety parts by weight of the resulting elec- 
tron conductive material and 10 parts by weight of 
PVDF as a binder were dispersed in NMP. The resulting 
paste was applied to about 20 i±m thick aluminum foil 
serving as a positive electrode current collector 4 by a 
doctor blade coating method, dried at 80°C, and 
pressed at room temperature under a pressure of 2.0 
ton/cm 2 to form a PTC layer 8 on the positive electrode 
current collector 4. 

[0082] A positive electrode active material paste 
prepared by dispersing 91 parts by weight of a positive 
electrode active material comprising LiCo0 2 , 6 parts by 
weight of a conducting agent (e.g., KS-6 produced by 
Lonza). and 3 parts by weight of PVDF in NMP was 
applied to a sheet of Mylar by a doctor blade coating 
method and dried at 80°C. The resulting positive elec- 
trode active material layer was brought into contact with 
the PTC layer 8, and the laminate was pressed at room 
temperature under a pressure of 2/0 ton/cm 2 . The Mylar 
sheet was stripped off the positive electrode active 
material layer to obtain a positive electrode 1 having the 
positive electrode active material layer 6 on the PTC 
layer 8. 

[0083] A negative electrode was prepared in the 
same manner as in Example 1 . 

[0084] Fig. 4 is a table giving the volume resistivity 
of the electrode (positive electrode 1), The rate of resis- 
tivity change, and the short-circuit current of a battery 
assembled by using the electrode. 
[0085] It is seen from the Figure that the electrode 
(positive electrode 1) of Example 2 is equal to the elec- 
trode of Example 1 in volume resistivity and rate of 
resistivity change and that the battery obtained by using 
the electrode of Example 2 is equal to that of Example 1 
in battery characteristics. It is understood therefore that 
Example 2 produces the same effects as obtained in 
Example 1 . 

[0086] Further, because the method of preparing 
the electrode (positive electrode 1) of Example 2 
includes the step of pressing a paste (positive electrode 
active material paste), the thickness of the PTC layer 8 
and that of the positive electrode active material layer 6 
can be adjusted independently Besides, the adhesion 
between the PTC layer 8 and the positive electrode cur- 
rent collector 4 and the adhesion between the PTC layer 
8 and the positive electrode active material layer 6 can 
be adjusted independently. 

[0087] Where the pressing temperature is set at or 
around the melting point of the resin contained in the 
electron conductive material, the adhesion between the 
PTC layer 8 and the positive electrode current collector 
4 and the adhesion between the PTC layer 8 and the 
positive electrode active material layer 6 will be 
improved further to reduce the contact resistance 
among these layers. At the same time, the connection 
among the electron conductive material particles in the 
PTC layer 8 will be improved further to form more cur- 
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rent collecting networks in the PTC layer 8. It will follow 
that the resistance of the PTC layer 8 in its normal state 
is reduced further, leading to a further reduction in resis- 
tivity of the electrode in its normal state. 

EXAMPLE 3 

Preparation of positive electrode: 

[0088] A positive electrode 1 was prepared in the 
same manner as in Example 1 with the following excep- 
tion. The PTC layer was formed on aluminum foil serv- 
ing as a positive electrode current collector 4. The 
positive electrode active material paste was applied on 
the PTC layer 8 by a doctor blade coating method, dried 
at 80°C, and pressed at 135°C under a pressure of 2.0 
ton/cm 2 to obtain the positive electrode 1 having, in 
sequence, the positive electrode current collector 4, the 
PTC layer 8 having a thickness of about 50 urn, and the 
positive electrode active material layer 6 having a thick- 
ness of about 1 00 \im. 

[0089] A negative electrode was prepared in the 
same manner as in Example 1 . 
[0090] Fig. 5 is a table giving the volume resistivity 
of the electrode (positive electrode 1), the rate of resis- 
tivity change, and the short-circuit current of a battery 
assembled by using the electrode. 
[0091] It is seen from the Figure that the electrode 
(positive electrode 1) of Example 3 is lower than that of 
the electrode of Example 1 . This is because the temper- 
ature for pressing the dried positive electrode active 
material paste was in the vicinity the melting point of the 
resin contained in the electron conductive material of 
the PTC layer 8 (polyethylene having a melting point of 
130 to 140°C). As a result, the adhesion between the 
PTC layer 8 and the positive electrode current collector 
4 and the adhesion between the PTC layer 8 and the 
positive electrode active material layer 6 were improved 
further to further reduce the contact resistance between 
the PTC layer 8 and the positive electrode current col- 
lector 4 and the contact resistance between the PTC 
layer 8 and the positive electrode active material layer 6. 
At the same time, the connection among the electron 
conductive material particles in the PTC layer 8 was 
improved further to form more current collecting net- 
works in the PTC layer 8. It followed that the resistance 
of the PTC layer 8 in its normal state was reduced fur- 
ther, leading to a further reduction in resistivity of the 
electrode in its normal state. 

EXAMPLE 4 

Preparation of positive electrode : 

[0092] Ninety-one parts by weight of a positive elec- 
trode active material (e.g., LiCo0 2 ). 6 parts by weight of 
a conducting agent (e.g.. artificial graphite KS-6, pro- 
duced by Lonza). and 3 parts by weight of PVDF were 



dispersed in NMP to prepare a positive electrode active 
material paste. The paste was applied to 20 j^m thick 
aluminum foil serving as a positive electrode current 
collector 4 by a doctor blade coating method, dried at 
5 80°C, and pressed at room temperature under a pres- 
sure of 2.0 ton/cm 2 to obtain a positive electrode 1 hav- 
ing a positive electrode active material layer 6 on the 
positive electrode current collector 4. 

10 Preparation of negative electrode: 

[0093] An electron conductive material which was 
an electrically conductive polymer having a volume 
resistivity of 0.2 fi • cm at room temperature and of 20 

is h - cm at 135°C (pellets prepared by kneading carbon 
black and polyethylene at a weight ratio of 60:40) was 
pulverized by a jet mill method to prepare fine particles 
of the electron conductive material having an average 
particle size of 9.1 um. 

20 [0094] A paste prepared by dispersing 90 parts by 
weight of the electron conductive material and 10 parts 
by weight of PVDF in NMP was applied to copper foil 
having a thickness of about 18 um, which was to serve 
as a negative electrode current collector 5, by a doctor 

25 blade coating method and dried at 80°C to form a PTC 
layer on the negative electrode current collector 5. 
[0095] A negative electrode active material paste 
prepared by dispersing 90 parts by weight of MCMB 
and 10 parts by weight of PVDF in NMP was applied 

30 onto the PTC layer by a doctor blade coating method, 
dried at 80°C, and pressed at room temperature under 
a pressure of 2.0 ton/cm 2 to obtain a negative electrode 
2 having, in sequence, the negative electrode current 
collector 5, the PTC layer, and a negative electrode 

35 active material layer 7. 

[0096] Fig. 6 is a table giving the volume resistivity 
of the electrode (negative electrode 2), the rate of resis- 
tivity change and the short-circuit current of a battery 
assembled by using the electrode. 

40 [0097] It is seen from the Figure that the same 
effects as in Example 1 can be obtained when the PTC 
layer is provided between the negative electrode current 
collector 5 and the negative electrode active material 
layer 7. 

45 

EXAMPLE 5 

[0098} Fig. 7 is a graph showing the relationship 
between the carbon black content in an electron con- 
so ductive material and the discharge capacity of a battery 
(curve (a)) and the relationship between the carbon 
black content in the electron conductive material and 
the short-circuit current of the battery (curve (b)). 
[0099] As can be seen from the Figure, where the 
55 carbon black content is less than 55 parts by weight, the 
electrode (especially the PTC layer 8) has an increased 
resistivity so that the discharge capacity of the battery 
decreases. 
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[0100] On the other hand, where the carbon black 
content exceeds 70 parts by weight, the rate of change 
in resistivity of the electrode (especially the PTC layer 8) 
is low so that the short-circuit current becomes high. 
[0101] Accordingly, the rate of change in resistivity 
of the electrode can be increased by using the carbon 
black in the electron conductive material in a proportion 
of from 55 to 70 parts by weight. As a result, the resis- 
tivity of the electrode can be kept low at temperatures 
below a prescribed temperature and be increased when 
the temperature exceeds the prescribed temperature. It 
is now understood that a battery assembled by using 
the electrode has an increased discharge capacity in 
the normal state and is capable of decreasing a short- 
circuit current in case of abnormality. 

EXAMPLE 6 

[0102] Fig. 8 illustrates an example of applications 
of the electrodes and batteries described in the forego- 
ing Examples to a lithium ton secondary battery. Specif- 
ically, Fig. 8 is a schematic cross section showing the 
structure of a cylindrical lithium ion secondary battery. 
[0103] Fig. 9 is a partial enlarged view of part (a) of 
Fig. 8. 

[01 04] In the Figure, numeral 200 is a case made of 
stainless steel, etc. which also serves as a negative 
electrode terminal, and numeral 100 is a battery body 
put in the case 200. The battery body 100 has a positive 
electrode 1, a separator 3, and a negative electrode 2 
rolled up together. 

[0105] The positive electrode 1 has a positive elec- 
trode current collector 4, a positive electrode active 
material layer 6, and a PTC layer 8 that is a first electron 
conductive material layer. 

[0106] The negative electrode 2 has a negative 
electrode current collector 5, a negative electrode active 
material layer 7, and a PTC layer 9 that is a second 
electron conductive material layer. 
[0107] The PTC layer 8 is between the positive 
electrode current collector 4 and the positive electrode 
active material layer 6, and the PTC layer 9 is between 
the negative electrode current collector 5 and the nega- 
tive electrode active material layer 7. 
[0108] Having the above-described structure, when 
the current increases due to a short-circuit outside or 
inside the battery, and the temperature of the positive 
electrode 1 or the negative electrode 2 rises to or above 
a certain extent, the PTC layer 8 or the PTC layer 9 
increases its own resistivity so that the current flowing 
inside the battery body 100 decreases. Thus, the bat- 
tery assembled by using the positive electrode 1 or the 
negative electrode 2 shown in the Figure exhibits mark- 
edly improved safety. That is, the safety is maintained 
even in case of abnormalities, such as a short-circuit 
under strict conditions, a back charge or an overcharge. 
[0109] In this example the PTC layer 8 is provided 
between the positive electrode current collector 4 and 



the positive electrode active material layer 6. and the 
PTC layer 9 is provided between the negative electrode 
current collector 5 and the negative electrode active 
material layer 7, but the invention is not limited to this 

5 embodiment. 

[0110] For example, control of the current flowing 
inside the battery body 1 00 could be achieved only with 
the PTC layer 8 provided between the positive electrode 
current collector 4 and the positive electrode active 

10 material layer 6 or only with the PTC layer 9 provided 
between the negative electrode current collector 5 and 
the negative electrode active material layer 7. Further, 
the PTC layer 8 may be provided only one side of the 
positive electrode current collector 4, or the PTC layer 9 

15 may be provided only one side of the negative electrode 
current collector 5. 

[0111] The electrodes and batteries described in 
the foregoing Examples are applicable to not only lith- 
ium ion secondary batteries of organic electrolytic sdu- 

20 tion type, solid electrolyte type or gel electrolyte type but 
primary batteries, such as a lithium-manganese dioxide 
battery, and other types of secondary batteries. They 
are also effective in primary and secondary batteries of 
aqueous solution type. Further, the battery shape is not 

25 limited, and applications include primary and secondary 
batteries of laminated type, rolled type, button type, and 
the like. 

Industrial Applicability 

30 

[0112] The electrode and battery according to the 
invention are applicable to not only lithium ion second- 
ary batteries of organic electrolytic solution type, solid 
electrolyte type or gel electrolyte type but primary bat- 

35 teries, such as a lithium-manganese dioxide battery, 
and other types of secondary batteries. They are also 
effective in primary and secondary batteries of aqueous 
solution type. Further, the battery shape is not limited, 
and applications include primary and secondary batter- 

40 ies of laminated type, rolled type, button type, and the 
like. 

Claims 

45 1 . An electrode having an electron conductive mate- 
rial layer of an electron conductive material com- 
prising a conductive filler and a resin and an active 
material layer formed on the electron conductive 
material layer, the electron conductive material 

so increasing its resistivity with a rise in temperature, 
which is characterized in that the proportion of the 
conductive filler in the electron conductive material 
is from 55 to 70 parts by weight. 

55 2. An electrode as set forth in claim 1 , characterized in 
that the resin has a melting point ranging from 90°C 
to 160°C. 
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3. An electrode as set forth in claim 1 , characterized in 
that the electron conductive material has an aver- 
age particle size of from 0.05 \irr\ to 1 00 um. 

4. An electrode as set forth in claim 1 , characterized in 5 
that the conductive filler is a carbon material or a 
conductive non-oxide. 

5. An electrode as set forth in claim 1 , characterized in 
that the resin is a crystalline resin. 10 

6. A battery having a positive electrode, a negative 
electrode, and an electrolytic solution provided 
between the positive and the negative electrodes, 
which is characterized in that the negative elec- is 
trode or the positive electrode is the electrode 
according to any one of clams 1 to 5. 

7. A first method of fabricating an electrode, which is 
characterized by comprising the steps of: 20 

(a) pulverizing an electron conductive material 
containing a conductive filler and a resin, 

(b) dispersing the resulting ground electron 
conductive material, to make a paste, 25 

(c) drying the paste to form an electron conduc- 
tive materia) layer, 

(d) dispersing an active material to prepare an 
active material paste, and 

(d) applying the active material paste on the 30 
electron conducive material layer and pressing 
at a prescribed temperature under a prescribed 
pressure. 

8. . A method of fabricating an electrode, which is char- 35 

acterized by comprising the steps of: 

(a) pulverizing an electron conductive material 
containing a conductive filler and a resin. 

(b) dispersing the resulting ground electron 40 
conductive material to make a paste, 

(c) drying the paste and pressing the dried 
paste at a first temperature under a first pres- 
sure to form an electron conductive material 
layer, 45 

(d) dispersing an active material to prepare an 
active material paste, 

(e) drying the active material paste, and 

(f) laying the dried active material paste on the 
electron conducive material layer and pressing so 
at a second temperature under a second pre- 
scribed pressure to form an active material 
layer on the electron conductive material layer. 

9. A method of fabricating an electrode as set forth in 
claim 7, characterized in that the prescribed tem- 
perature is the melting point of the resin or therea- 
bouts. 



10. A method of fabricating an electrode as set forth in 
claim 8, characterized in that the first temperature 
or the second temperature is the melting point of 
the resin or thereabouts. 
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